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(71) We, MURATA MANUFACTUR- 
ING CO., LTD., a Japanese Body 
Corporate, of 16, Kaiden Nishijin-cho. 
Nagaokakyo-shi, Kyoto-fu, Japan, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates to a 
microwave filter and, more particularly, to 
a microwave Alter including at least one 
dielectric resonator. 

It is known in a microwave band-pass 
filter utilizing one or more resonators of 
dielectric material, to reduce undesirable 
spurious responses by making a relatively 
large difference between the resonance 
frequency of the high mode and that of the 
fundamental or dominant mode of the 
resonator or resonators. In order to achieve 
this, various methods have heretofore been 
employed and, of them, one method 
involves the appropriate selection of the 
ratio between the diameter and height of 
the resonator employed and another 
method involves the reduction, by any 
means, of the value of Q at the high mode 
of resonance. 

However, it has been found that the first 
mentioned method is merely successful in 
increasing the ratio of the resonance 
frequency at the fundamental or dominant 
mode relative to the resonance frequency 
at the high mode approximating to the 
dominant mode to about 1.3, a value which 



is insufficient to bring about a useful 
reduction in the spurious responses. On the 
other hand, it has been found that the 
second mentioned method cannot be 
readily carried out because it is difficult to 
reduce the value of Q at the high mode 
without also causing an undesirable 
reduction of the value of Q at the 
dominant mode. 

Moreover, during the manufacture of the 
conventional dielectric resonator filter, the 
dielectric resonator or resonators are 
housed within a shielded metal case and 
mounted on one interior surface of the 
metal case through a dielectric or 
electrically insulating spacer or spacers 
rigidly secured to said one interior surface. 
In this case, the dielectric resonators are 
secured to the corresponding spacers by the 
use of an adhesive or bonding material. 
Where the adhesive material is employed to 
connect the individual resonators to the 
corresponding spacers within the metal 
case, respective surfaces of the resonators 
and corresponding spacers must be cleaned 
prior to application of the adhesive material 
and/or the type of adhesive material to be 
employed must carefully be selected, or 
otherwise improvement as to the 
shockproof of the filter cannot be made. In 
this way, the manufacture of the 
conventional resonator filter is very 
complicated. 

According to the present invention, there 70 
is provided a microwave filter comprising 
an electrically shielded casing, a pair ot 



40 



45 



50 



55 



60 



65 



1,520,473 



terminal members extending from the 
outside of said casing into the interior of 
said casing for coupling energy to and from 
said interior, portions of said terminal 
members within said interior of said casing 
being spaced from each other, and at least 
one dielectric resonator comprising a block 
of dielectric material having at least one 
aperture formed therein, said dielectric 
resonator being disposed within and 
electrically insulated from said casing and 
being positioned between, and spaccdfrom 
said portions of said terminal members. 

Preferably means are provided for tuning 
the filter characteristic of the or each 
dielectric resonator. The or each resonator 
may be of any desired outer shape, and in 
particular embodiments to be described 
herein comprises a cylindrical or cubic 
block. 

The aperture formed in the or each 
dielectric block may either extend 
completely through the thickness of the 
block, or terminate within, for example, 
substantially halfway across, the thickness 
of the block. Accordingly, the aperture may 
be a through-hole, a blind hole or a cavity 
of any desired sectional shape, such as a 
circular shape or a polygonal shape. The 
shape of the dielectric block and the shape 
ana type of the aperture may be selected in 
any desired combination. In addition, 
where two or more apertures are employed 
in the single dielectric block, respective 
shapes and types of the apertures may be 
either identical with each other or different 
from each other. Furthermore, the aperture 
may be formed in alignment with the centre 
line passing through the centre of the 
dielectric block or the longitudinal axis of 
the dielectric block, or alternatively be 
formed in eccentric relation to said centre 
line or said longitudinal axis qf said 
dielectric block. 
45 The provision of the aperture or 
apertures in the dielectric block forming 
the resonator in the microwave filter 
according to the present invention, the 
separation between the undesirable 
50 spurious frequencies and resonance 
frequencies at the dominant mode may be 
decreased as compared with the known 
dielectric block without such aperture 
formed therein. 

55 m Some embodiments of the present 
invention will now be described by way of 
example, with reference to the 
accompanying drawings, in which: 

Figure I is a perspective view of a 
60 microwave filter according to a first 
preferred embodiment of the present 
invention, which is shown with a top cover 
separated from a metal casing to snow an 
arrangement of dielectric resonators; 
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Figure 2 is a cross sectional view, on a 65 
somewhat enlarged scale, of the 
microwave filter shown in figure 1; 

Figures 3 to 6 are perspective view, on an 
enlarged scale, or different types of 
dielectric resonators constructed in 70 
accordance with the teachings of the 
present invention; 

Figure 7 is a graph illustrating 
performance characteristics of the 
dielectric resonator in relation to increase 75 
of the diameter of the aperture formed in 
the dielectric resonator; 

Figure 8 is a graph illustrating a ratio of 
the resonance freauency of the dominant 
mode relative to the resonance frequency 80 
of a mode approximating to the high mode 
with respect to a ratio of the outer diameter 
of the resonator relative to the diameter of 
the aperture formed in the resonator; 

Figures 9 to II, 13 and 15 illustrate 85 
various methods of mounting the dielectric 
resonator on ,one interior surface of the 
metal casing; 

Figure (2 illustrates a method of 
attaching a resonance frequency tuning 90 
member, which is applicable to the 
dielectric resonator mounted according to 
any of the methods shown in Figures 10. 11 
and 15; 

Figure 14 illustrates another method of 95 
attaching the resonance frequency tuning 
member, which is applicable to the 
resonator mounted according to the 
method shown in Figure 13; 

Figure 16 is a view similar to Figure 2, 100 
illustrating the microwave filter according 
to a second preferred embodiment of the 
present invention; 

Figure 17 is a view similar to Figure 2, 
illustrating the microwave filter according 105 
to a third preferred embodiment of the 
present invention; 

Figure 18 is a top sectional view of the 
microwave filter, illustrating a method of 
connecting probes to respective couplers HO 
adapted to receive coaxial cables for input 
and output microwave lines; 

Figure 19 is a top sectional view of a 
portion of the microwave filter, illustrating 
.one of modified probes employed therein; 1 15 

Figures 20(a) and (b) are top plan view 
and side sectional view, respectively, of the 
microwave filter, illustrating a method of 
mounting the probes within the metal 
casing; 

Figures 21(a) and (b) arc top plan view 
and side sectional view, respectively, of the 
microwave filter, illustrating another 
method of mounting the probes within the 
metal casing; 125 

Figure 22 is a top sectional view of a 
portion of the microwave filter according to 
a fourth preferred embodiment of the 
present invention; 
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Figures 23 (a) to (c) illustrate equivalent 
circuits of the microwave niter shown in 
Figure 22; 
Figure 24 is a top sectional view of a 
5 portion of the microwave filter according to 
a fifth preferred embodiment of the present 
invention; 

Figure 25 is a graph illustrating a 
characteristic curve of the resonance 
10 frequency in relation to the attenuation, 
which is achieved by the microwave filter of 
Figure I; 

Figure 26 is a graph illustrating a 
characteristic curve of the resonance 
15 frequency in relation to the attenuation, 
which is achieved by the microwave filter of 
' Figures 22 and 24, 

Figure 27 is a top plan view of the 
microwave filter according to a sixth 
20 preferred embodiment of the present 
invention, which is shown with a covering 
removed away; 

Figure 28 is a side sectional view of the 
microwave filter shown in Figure 27; 
25 Figure 29 is a schematic perspective view, 
of the microwave filter shown in Figure 28;' 

Figure 30 illustrates a method of 
connecting the microwave filter of Figures 
27 to 29 to a microwave integrated circuit 
30 substrate; 

Figure 31 is a top sectional view of the 
microwave filter according to a seventh 
preferred embodiment of the present 
invention; and 
35 Figure 32 is a gragh illustrating the 
performance characteristic of the 
microwave filter shown in Figure 31. 

Before the description of the preferred 
embodiments proceeds, it should be noted 
40 that like parts are designated by like 
reference numerals throughout the 
accompanying drawing. 

Referring first to Figures 1 and 2, a 
microwave bandpass filter shown comprises 
45 a substantially box-like casing 10, made of 
any known metallic material such as brass, 
which casing 10 includes top and bottom 
converiogs I0a and 10b, a pair of opposed 
side walls 10c and lOd and a pair of end 
50 walls SOe and lOf. Although the walls 10c to 
lOf are shown as integrally formed while the 
top and bottom coverings 10a and 10b are 
adapted to be secured to top and bottom 
edges of these walls !0c to lOr, respectively, 
55 by the use of, for example, a plurality of set 
screws (not shown), the walls 10c to lOf and 
the bottom covering 10b may be integrally 
formed together by excavating, or 
otherwise recessing, a rigid metal block, 
w Within the casing 10, one or more 
resonators, which are shown in three in 
number and indicated by 1 la, lib and 11c, 
are mounted on the bottom covering 10b 
through respective supporting spacers 12a, 
65 |2b and 12c and arranged in spaced and 



side-by^ide relation with respect to each 
other m a row, said supporting spacers 12a 
to 1 2c being made of any known electrically 
insulating material of relatively low 
dielectric constant. The details of each of 70 
the resonators I la to 1 1c and a method of 
mounting the resonators 1 la to 1 to on the 
bottom covering I lb through the respective 
supporting spacers 12a to 12c will 
subsequently be described 75 

One of the opposed side walls 10c is 
provided at respective portions adjacent 
the opposed ends thereof with couplers 13a 
and 13b for respective connection with 
coaxial cables for microwave input and 80 
output transmission lines (not shown). 
These couplers 13a and 13b have axial 
terminals which are electrically insulated 
from the metal casing 10 and which are 
respectively connected with rods or probes 85 
14a and 14b made of either electrically 
conductive material or dielectric material 
The probes 14a and 14b in the instance as 
shown in Figures 1 and 2 extend in parallel 
relation to any of the end walls 10c and lOf 90 
and respectively between the end wall lOe 
and the end resonator I la and between the 
end wall lOf and the end resonator I lc. One 
of the opposed ends of each of the probes 
14a and I4b, which is remote from the 95 
corresponding coupler 13a or 13b, is 
supported by the opposed ride wall lOd by 
means of a mounting piece 15a or 15b made 
of electrically insulating material such as 
polytctrafluoroethylene. 100 

The microwave filter so far shown further 
comprises frequency tuning screws 16a, 
16b and 16c which are helically adjustably 
extending through the top covering 10a and 
terminate respectively adjacent the 105 
corresponding dielectric resonators Ua to 
He. As is well known to those skilled in the 
art, these tuning screws 16a to 16c are not 
always necessary where the microwave 
filter without such tuning screws is 110 
precisely constructed to meet a required 
performance characteristic. 

With particular reference to Figure 3, 
there is shown the details of any of the 
dielectric resonators Ua, lib and 11c. The 115 
dielectric resonator is made of a cylindrical 
block 100 of any known dielectric material. 
•The cylindrical block 100 has an aperture 
1 10 of circular contour formed in said block 
100 in alignment with the longitudinal axis 120 
thereof. The aperture 110 so far as the 
resonator of Figure 3 is concerned is a 
through-hole extending completely through 
the thickness of the block 100. 
Alternatively, as shown in Figure 5, the 125 
aperture 110 may extend in offset relation 
to the longitudinal axis of the block 100, the 
advantage of which will be described later. 

The block may, as indicated by 101 in 
Figure 4, be a cubic body; in which case the 130 
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aperture 1 10 may extend in the direction of 
thickness of said cubic block 101 through 
the geometrical center of said cubic body 
or in offset relation to said geometrical 
5 center of said cubic body. 

Figure 6 illustrates the cubic block 101 
having the aperture 1 II of a contour similar 
to the shape of one four-cornered surface 
of said cubic block 101, which aperture 111 
10 is shown as extending in offset relation to 
the geometrical center of the cubic body. 

Where the microwave filter is 
constructed with the use of dielectric 
resonators of the construction shown in 
" any of Figures 3 and 5, the dominant mode 
of resonance is Hu and, on the other hand, 
where the microwave filter is constructed 
. with the use of dielectric resonators of the 
construction shown in any of Figures 4 and 
a* 6, the dominant mode is H u . Irrespective of 
the type of resonator, the mode 
approximating to the dominant mode rL. or 
«u is HE,. Under the HEy mode, the 
intensity of electric Held at a position near 
25 the longitudinal axis of the dielectric 
resonator of the construction of any of 
Figures 3 and 5 and Figures 4 and 6 
becomes maximum. On the other hand, 
under the dominant mode of or the 
30 intensity of electric field at a position near 
the longitudinal axis of the dielectric 
resonator of the construction of any of 
Figures 3 and 5 and Figures 4 and 6 
becomes substantially zero. 
35 Accordingly, the provision of the 
aperture 110 or 111 in the resonator has 
resulted in that variation of the resonance' 
frequency of the dominant mode is very • 
small, but a relatively great difference can 
w be achieved between the maximum 
resonance frequency of the HEy mode and that 
of the dominant mode so that the 
spurious response characteristic can 
be improved. By way of example, the 
43 resonator made of a cylindrical block of 
dielectric material, 14.5 mm. in diameter 
and 6.7 mm. in thickness, having die 
aperture, 5.5 mm. in diameter, formed in 
alignment with the longitudinal axis of the 
dielectric block has exhibited that the 
resonance frequency at the dominant mode 
is 3,860 MHz and the resonance frequency 
at the mode approximating to the dominant 
mode is 6,120 MHz. On the other hand, the 
53 resonator of the substantially same size 
without the aperture has exhibited that the 
resonance frequency at the dominant mode 
is 3,820 MHz while that at the mode 

60 5^MHz^ 10 **** dorainaat m( *k fa 
From the foregoing comparison, it is 
clear that, although the resonance 
frequency a the dominant mode in the 
resonator with the aperture formed therein 

w hasshifted,to3,860MHza8coraparedwith 



that of 3,820 MHz at the dominant mode 
in the resonator without the aperture 
formed therein, there is a great difference 
in the resonance frequency at the mode 
approximating to the dominant mode 70 
between the resonator with the aperture 
and that without the aperture to an extent 
that the spurious response characteristic 
can remarkably be unproved. 

The advantage of toe provision of the 75 
aperture in the dielectric resonator is 
clearly supported by the graph of Figure 7, 
which illustrates a ratio of the resonance 
frequency f w at the dominant mode in the 
cylindrical resonator, D in diameter, 80 
without the aperture relative to the 
resonance frequency f t at the dominant 
mode in the cylindrical resonator, D in 
diameter, with the aperture and a ratio of 
the resonance frequency at the mode B< 
approximating to the dominant mode in the 
cylindrical resonator, D in diameter, 
without the aperture relative to the 
resonance frequency f. at the mode 
approximating to the dominant mode in the 90 
cylindrical resonator, D in diameter, with 
the aperture, both in relation to the relative 
increase of the diameter Dx of the aperture 
On the other hand, Figure 8 is a graph 
illustrating a ratio of the resonance 95 
frequency f t at the dominant mode relative 
to the resonance frequency f, which is 
achieved in the cylindrical dielectric 
resonator, D in diameter, in relation to the 
increase of the diameter Dx of the aperture t00 
formed in said dielectric resonator. These 
data, which have provided the basis for the 
graphs of Figures 7 and 8, were obtained by 
the measurement conducted by the use of 
the dielectric resonator, having a dielectric 105 
constant c of 36 and 0.46 in the ratio of 
diameter to height, and subjected to 
VJ£0.24, wherein t represents the distance 
between metallic plate members positioned 
respectively adjacent upper and lower 110 
surfaces of the dielectric resonator and 
represents the resonance wavelength at the 
dominant mode. 

Hereinafter, the method of mounting 
each of the dielectric resonators 1 la to lie 115 
will be described with reference to Figures 
9 to 11, and 13. However, h should be 
noted that, since all of the resonators 1 la to 
He are mounted in the same manner, 
reference will be made to only one of them, 120 
for example, the resonator 1 la for the sake 
of brevity. 

Referring first to Figure 9, the resonator 
I la is mounted on the bottom covering 10b 
of the casing 10 through the corresponding 125 
supporting spacer 12a and secured in 
position by a flat-headed bolt member 17 
made of electrically insulating material, 
which bolt members 17 extends through the 
aperture 110 and then through the 139 
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supporting spacer 12a and is tapped into the 
bottom covering 10b with the flat-headed 
portion thereof partially seated in the 
aperture 110 so that the flat surface is in 
5 flush with the uppermost surface of the 
resonator 1 la. 

Figure 10 illustrates an example wherein 
a mounting bolt member 18 is made of 
metallic material. Where the metallic bolt 
10 member 18 is employed in place of the 
electrically insulating bolt member 17 of 
Ffaire 9, it is necessary to isolate the 
dielectric resonator 11a from the boh 
member 18. For this purpose, in the 
15 example shown in Figure 10, the bolt 
member 18 has a stud portion 18a having a 
diameter smaller than the diameter of The 
aperture 110 and is inserted through the 
aperture 110 in alignment with the 
20 longitudinal axis of said aperture 1 10 with 
a bead portion 18b thereof seated on the upper- 
most surface of the resonator I la through a 
spacer ring 19 made of ckctricafly insulating 
material. One of the ends of the boh member 18 
25 opposed to the head portion 18b is tapped, 
into the bottom covering 10b. 

Where the bolt member is made of 
electrically insulating materia], a method 
shown in Figure 11 can be employed. In 
30 contrast to the method shown in Figure 10, 
the method shown in Figure 11 does not 
require the use of the spacer ring which has 
been necessitated in the method of Figure 
10 to isolate the resonator Ma from its 
35 contact to the bolt member 18 and, 
particularly, the head portion 18b thereof. 
However, the bolt member 20 used in the 
method of Figure 1 1 is combined with a nut 
member 21. The use of the nut member 21 
40 in connection with the bolt member 20 is 
recommended to ensure a steady and rigid " 
mounting of the resonator I la which will 
otherwise be achieved with no difficulty 
partly because of a limited thickness of the 
45 bottom covering 10b and partly because of 
the difference in the type of material 
between the bolt member 20 and the casing 
10 including the bottom covering 10b. In 
other words, if the bolt member 20, made of 
50 electrically insulating material such as 
polytetrafluroethylene or other synthetic 
resin, is otherwise tapped into the metallic 
bottom covering 10b such as practised in 
the method of Figure 10, the resistance to 
55 impact ancVor vibration will be lower than 
that achieved by the use of the nut member 
21 used to fasten the bolt member 20 with 
the resonator Ua, spacer 12a and bottom 
covering 10b sandwiched between a head 
60 portion 20a and the nut member 21. A stud 
portion 20b of the bolt member 20 may 
have a diameter equal to or smaller than the 
diameter of the aperture 110 formed in the 
dielectric resonator I la. 
65 Figure 13 illustrates a method wherein a 



mounting rod, made of either electrically 
insulating material or metallic material, u 
used to support the resonator Ua. In the 
method of Ffcure 13, while the resonator 
1 la is sandwiched between first and second 70 
supporting spacers 22a and 22b which may 
be prepared from the same material as used 
for the spacer 12a, the mounting rod 23 
extends therethrough with both ends 
received in respective recesses 24a and 24b 75 
formed in the top and bottom coverings 10a 
and 10b. At this time, one or both of the 
spacers 22a and 22b serve as filler pads 
which fill respective spaces between the 
lower surface of the resonator Ua and the 80 
bottom covering 10b and between the 
upper surface of the resonator 1 la and the 
top covering 10a and, therefore, at the time 
of completion of assembly of the 
microwave filter, the resonator 1 la can g< 
firmly be held in position within the 
metallic casing 10. It is, however, to be 
noted that, if the rod 23 is made of metallic 
materia), it should have a diameter smaller 
than the diameter of the aperture 1 10 in the 90 
resonator 1 la and extend in alignment with 
the longitudinal axis of said aperture 110 in 
spaced relation to a cylindrical wall 
defining the aperture 110. 

In describing the various methods of 95 
mounting the resonator Ua within the 
casing 10, no reference has yet been made 
to the associated tuning screw 16a. Even 
though the resonator 1 la is mounted in the 
manner as shown in any of Figures 9 to 11. 100 
the tuning screw 16a can be employed. 
However, m the method of any of Figures 
10 and 1 1 , since the head portion 18a or 20a 
of the bolt member 18 or 20, respectively, 
outwardly projects from the resonator 1 la 105 
towards the top covering 10a, the distance 
the tuning screw 16a can approach the 
associated resonator Ua is limited and, 
therefore, the frequency adjustment is 
limited. In order to avoid this, the tuning UO 
screw 16a may have an axially inwardly 
extending recess 25, as shown in Figure 12, 
of a size sufficient to accommodate therein 
the head portion 18b or 20a of the boh 
member 18 or 20 as the tuning screw 16a 115 
approaches the resonator Ua. 

In the case where a tuning element 
functionally similar to the tuning screw 16a 
referred to above is to be applied to the 
mounting method of Figure 13, a 120 
completely different arrangement is 
reauired. This is illustrated in Fujure 14, 
reference to which will now be made. 

In Figure 14, the frequency tuning 
clement, generally indicated by 2o! 125 
comprises a sleeve 27 having a threaded 
outer peripheral surface 27a, adjustably 
engaged in a correspondingly threaded hole 
formed in the top covering 10a. and a ■ * 
threaded inner surface 27b adjustably 130 
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receiving therein an externally threaded 
boss member 27 rigidly mounted on one 
end of the rod 23 in contact with the second 
spacer 22b. The other end of the rod 23 is to 
5 be understood as pressure-fitted, or 
otherwise secured by the use of a bonding 
agent, into the corresponding recess 24b 
(Figure 13) in the bottom covering 10b. 
In the arrangement of Figure 14, it will 

10 readily be seen that, by turning the sleeve 
27 in either direction about the longitudinal 
axis thereof, one of the opposed annular 
ends of said sleeve 27 can be moved 
towards and away from the adjacent 

15 surface of the resonator Ha without 
accompanying any axial movement of the 
boss member 28 and, therefore, the 
resonator 1 1 a. 
In practice, irrespective of the methods 

20 of mounting the resonator Ha on the 
bottom covering 10b, the use of a bonding 
agent is preferred to ensure a rigid 
connection of the dielectric resonator lla 
to the spacer 12a or the spacers 22a and 

25 22b. The bonding agent may be cr-cyaao 
aciylate. 

Where the resonators Ha to 1 1c is of the 
construction such as shown in any of 
Figures 5 and 6, the degree of coupling of 

30 these resonators can readily and easily be 
carried out This is because the position of 
the longitudinal axis of the aperture 1 10 or 
111 shown in Figure 5 or 6 is in offset or 
eccentrical relation to the geometrical 

35 center of the shape of one surface of the 
resonator block 100 or 101. More 
specifically, by turning any of the 
resonators Ha to He about the mounting 
member such as indicated by 17 in Figure 9, 

40 18 in Figure 10, 20 in Figure 11 or 23 in 
Figure 13, the distance between the 
adjacent two of these resonators Ha to 1 lc 
can be adjustable and, therefore, the degree 
of coupling can be adjustable. Once the 

45 desired degree of coupling is attained, these 
resonators Ha to He may be held in 
position within the filter casing 10. 

Even though the resonator block 100 or 
101 shown in Figure 3 or 4 is employed for 

50 the dielectric resonators 11a to He, a 
similar adjustment as to the degree of 
coupling can be performed with or without 
coupling screws, which will now be 
describee with reference to each of Figures 

55 15 and 16. 

In Figure 15, only two of the resonators 
Ha ana lib are illustrated. Each of the 
resonators Ha and lib is, in the instance 
as shown, of the construction shown in figure 

60 3 and is mounted on the bottom covering 
ICR) through the spacer 12a or 12b while a 
mounting member M extend through the 
aperture 110 and then through the 
corresponding spacer 12a or 12b and is 

65 subsequently tapped into the bottom 



covering 10b. It is to be noted that the 
mounting member M may be the bolt 
member 18 of Figure 10 and 20 of Figure 11 
or the rod 23 of Figure 13, but should be 
understood as having a diameter smaller 70 
than the diameter of the aperture 110. 

As clearly illustrated in Figure 15, 
depending upon the position of the 
longitudinal axis of the mounting member 
M, which extends through the dielectric 75 
resonator I la or lib, relative to the 
longitudinal axis of the aperture HO, the 
minimum distance between the adjacent 
two resonators Ha and lib can be varied. 
In this way, the degree of coupling of the go 
resonators can be adjustable during the 
manufacturing process and prior to the top 
covering 10a being rigidly secured on the 
too edges of the walk 10c to lOf (Figure 1), 

In the embodiment shown in Figure 16, 05 
coupling screws 29a and 29b are employed. 
These coupling screws 29a and 29b are 
adjustably extending through the top 
covering 10a in spaced relation to each 
other in such a manner that the longitudinal 90 
axis of the coupling screw 29a extends 
intermediately between the resonators Ha 
and lib and that of the other coupling 
screw 29b extends intermediately between 
the resonators lib and He. 95 

The microwave filter according to the 
embodiment of Figure 16 is designed such 
that, by the adjustment of the coupling 
screws 29a and 29b, the degree of coupling 
at the Ho mode can be varied whOe too 
undesirable or unnecessary modes such as 
HEu mode can be suppressed. 

The coupling screws 29a and 29b may be 
used together with the frequency tuning 
screws 16a to 16c as shown in Figure 17. 1QS 

Figure 18 illustrates a manner of 
connection between the coaxial couplers 
13a and 13b and the associated probes 14a 
and 14b. 

With particular reference to Figure 18, HO 
the input coupler 13a is in the form of a 
sleeve having one end portion pressure- 
fitted, or otherwise firmly tapped, into the 
side wall 10c in electrically conductive 
relation with respect to the filter casing 10, 115 
and the other end portion exposed to the 
outside of the casing 10 for connection with 
a coaxial cable. The coupler sleeve 13a has 
a hollow in which a central electrode 30 is 
firmly accommodated through a spacer 120 
sleeve 31 made of electrically insulating 
material. The associated probe 14a has one 
end reduced in diameter and firmly inserted 
into the central electrode 30 in alignment 
with the longitudinal axis of said electrode m 
30. 

The output coupler 13b is of the same 
construction as the input coupler 13a and, 
therefore, the description thereof is herein 
omitted for the sake of brevity. 130 
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While each of the input and output 
probes 14a and 14b so far described is in the 
form of a straight rod, a substantially 
intermediate portion of any of the probes 

5 may be outwardly curved in 
complementary relation to the sectional 
contour of the end resonator 1 la or He as 
shown in Figure 19. In addition, the inner 
surface of the wall lOe or ltif adjacent the 

10 associated turved portion of any of the 
probes 14a and 14b is preferably inwardly 
rounded to accommodate that curved 
portion of the probe in equally spaced 
relation to each other. 

15 Instead of the ends of the probes 14a and 
14b adjacent the wall lOd being respectively 
supported by said wall lOd by means of the 
associated mounting pieces 15a and 15b, 
the probes 14a and 14b may terminate 

20 adjacent the wall lOd and be secured to 
corresponding spacer elements 32a and 32b 
which as shown in Figures 20(a) and (b) 
may be plates secured to the inner surfaces 
of the walls lOe and lOf, or, as shown in 

25 Figures 21(a) and 21(b) ban secured to the. 
inner surface of the bottom covering 10b. If 
is to be noted that, in any of Figures 20(a) 
and (b) and 21(a) and (b), the input and 
output couplers 13a and 13b are shown as 

30 respectively provided in the walls lOd and 
10c. This does not result in reduction of the 
performance of the resultant microwave 
filter. 

In the arrangement of any of Figures 
35 20(a) and (b) and Figures 21(a) and (b) f the 
spacer bars 32a and 32b, made of 
electrically insulating material, serve as 
striplines. 

In the foregoing various embodiments of 

40 the present invention, the resonators 11a to 
lie have been described as arranged in a 
row extending between the end walls lOe 
and lOf of the filter casing 10. It has been 
found that, in such microwave filters, as 

45 shown in the graph of Figure 25, the 
amount of attenuation of frequencies 
higher than the center frequency f« tends to 
slowly increase as indicated by a portion A 
of the curve in the graph of Figure 25. In 

50 order to avoid this, various methods can be 
contemplated. One method is to increase 
the number of di-electric resonators to be 
used within the filter casing, but would 
result in increase of the overall size of the 

55 resultant filter as well as the manufacturing 
cost. 

In order to make it possible to 
manufacture the bandpass filter in a 
minimum size and also to minimize the 

60 possible loss of insertion, an additional 
resonator 33 in the form of a ring resonator 
is utilized. The position of the ring 
resonator 33 may be selected as desired. 
However, in the embodiment shown in 

65 figure 22, the intermediate resonator 1 lb 



and the ring resonator 33 are positioned on 
respective sides with respect to the center 
line passing through the end resonators 1 la 
and lib. The ring resonator 33 is selected 
so as to have a resonance freauency f, 70 
which is higher than the center frequency 
f«. 

Accordingly, with respect to a 
microwave signal having the center 
frequency f„ a combination of the 75 
intermediate resonator I lb and the ring 
resonator 33 constitutes such an equivalent 
circuit as shown in Figure 23(a). From the 
circuit of Figure 23(a), it is clear that the 
ring resonator 33 exhibits a property of SO 
capacitance. 

With respect to a microwave signal 
having a frequency higher than the center 
frequency f c of the filter and lower than the 
resonance frequency f t of the ring 85 
resonator 33, it is clear from the equivalent 
circuit of Figure 23(b) that the resonator 
lib exhibits a property of electro- 
inductance while the ring resonator 33 
exhibits a property of capacitance. 90 
Therefore, anti-resonance occurs within 
the range from the center frequency £ to 
the frequency higher than the center 
frequency but lower than the resonance 
frequency f t so that, as shown in the graph 95 
of Figure 26, the amount of attenuation of 
frequencies higher than the center 
frequency rapidly becomes high 
representing a steep curve. In other words, 
the shape factor can be improved. jqq 

With respect to a microwave signal 
having a frequency equal to the resonance 
frequency f t of the ring resonator 33, it is 
clear from the equivalent circuit shown in 
Figure 23(c) that the resonator 1 lb exhibits 105 
a property of electro-inductance. Although 
a spurious response will occur, as indicated 
by B in the graph of Figure 26, in relation to 
the signal having the frequency equal to the 
resonance frequency f„ A can be neglected 1 10 
if the ring resonator 33 is damped with 
respect to Q. 

fn the embodiment shown in Figure 24, 
there is illustrated an example wherein a 
conventional dielectric resonator 34 is 115 
additionally employed and positioned on 
one side or the row of the resonators 1 la to 
He and adjacent the intermediate 
resonator lib while the wall 10c of the 
casing 10 is modified to accommodate the m 
additional resonator 34. With respect to the 
performance, even the arrangement of 
Figure 24 is substantially similar to that 
shown in Figure 21 

It is to be noted that the ring resonator 33 |25 
employed in the embodiment of Figure 22 
may be replaced by either a conventional 
dielectric resonator or a resonator of the 
construction shown in any of Figures 3 to 6. 
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A similar description made above may 
equally be applicable to the resonator 34 
employed in the embodiment of figure 24. 
Moreover, the number of additional 
5 resonators is not limited to one such as 
shown in any of Figures 22 and 24, but may 
be two or more. 

Furthermore, the number of the 
dielectric resonators to be contained in the 
10 filter casing 10 is not limited to three, but 
may be one, two or more than three 
depending upon the desired design of the 
microwave filter. In addition, the number 
of the aperture may not be limited to one, 
15 but may be two or more. In the case where 
one dielectric resonator is formed with a 
plurality of apertures, these aperture may 
be of the same or difference size and may 
be through-holes or cavities or a 
20 combination thereof. 

The dielectric resonators 11a to lie so 
far illustrated may be of the same size or of 
different size with respect to each other. 
It is to be noted that, in the microwave 
25 filter employing two or more dielectric 
resonators having the respective apertures 
of different size while the size of the 
dielectric resonators is selected such that 
the center frequency of one dielectric 
30 resonator is equal to that of the remaining 
dielectric resonator, the spurious 
frequencies peculiar to these resonators 
can advantageously be separated and, 
therefore, the overall spurious response 
35 characteristic of the microwave filter can 
be improved. 

The embodiment shown in Figures 27 to 
29 illustrates an example of microwave 
filter which can readily be installed on a 
40 microwave integrated circuit substrate 
without the use of any coaxial transmission 
cables. 

Referring particularly to Figures 27 to 29, 
a microwave filter casing comprises a* 

45 substantially box-like shielding cover 
50 and a container 60 adapted to be 
covered by the shielding .cover 50. The 
container 60 comprises a substantially U- 
sectioned body 61 having a pair of 

50 opposed walls 61a and 61b and a bottom 

2?" a P air of cnd wa »s 

62a and 62b. The end walls 62a and 62b 

have a width substantially equal to the 

interior space between the walls 61a and 

55 61b and are held in position on respective 
ends of the U-sectioned body 61 so that all 
the elements 61a to 61c and 62a and 62b 
cooperate to provide the container 60 of a 
shape similar to a top-opened box. 

60 the container 60, mcTuding the body 61 
and the end walls 62a and 62b, is made of 
electrically insulating material such as 
polyutraffuorothylene or any other suitable 
synthetic resin. 

*5 As best shown in Figs. 27 and 28, each of 



the end walls 62a and 62b has a interior 
surface inwardly rounded, or otherwise 
recessed, to provide a cavity 63a and 63b 
for minimizing the loss of insertion which 
may otherwise occur in association with a 70 
corresponding oscillating probe 64a and 
64b. The probes 64a and 64b extend at right 
angles to the plane of the bottom wall Sic 
and intermediately of the width of the end 
walls 62a and 62b and have one end 75 
received by respective portions 62c and 
62d of the end walls 62a and 62b and the 
other end extending through respective 
portions opposed to the portions 62c and 
62d of the end walls 62a and 62b, 80 
respectively. Said respective other ends of 
the probes 64a and 64b are in turn 
connected, or otherwise integrally formed 
with input and terminal members 65a and 
65b which extend in parallel relation to the 85 
plane of and in flush with the bottom wall 
61 c. A substantially intermediate portion of 
each of the probes 64a and 64b bridges over 
the corresponding cavity 63a and 63b. 

Within the container 60 of the above 90 
construction, there is accommodated a 
dielectric resonator 66 of the shape as 
shown in Fig. 3 having an aperture 66a 
extending in alignment with the 
longitudinal axis of the resonator 66. This 95 
dielectric resonator 66 is mounted on a 
supporting rod 67 made of synthetic 
resinous material and having both ends 
secured to, or otherwise rigidly inserted 
into, the walls 61a and 61b. Mounted on the im 
supporting rod 67 between the wall 61a and 
the resonator 66 and between the wall 61b 
j ^eresonator 66 m spacer sleeves 68a 
and 68b, made of electrically insulating 
material such as alumina, for holding the 105 
dielectric resonator 66 in position 
intermediatdy of the length of the rod 67 
and on said rod 67. 

A complete microwave filter can be 
assembled by covering the shielding cover no 
50 over the container 61, substantially as 
shown in Fig. 30. This complete micro- 
wave rater is, as shown in Fjg. 3G\ placed 
on a inicrowave integrated circuit substrate 
^w^ the terminal member 115 

and 56b, to respective printed wirings 57a 
and 57b on one surface of the substrate 55 
to which they are to be electrically 
connected. 1 120 

It is to be noted that the aperture 66a in 
the dielectric resonator 66 may have a 
diameter greater than the diameter of the 
supporting rod 67,.in which case both end 
faces of the resonator 66 are preferably 125 
^ 7& t ?t the J"**** spacer sleeves 68a 
and 1 68b thereby preventing the resonator 
66 from contacting the rod 67. 
, While in the embodiments described 
above except for that shown in figs. 27 to 130 
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30 the frequency adjusting or tuning means 
have been described as comprised of one 
or more tuning screws, such as indicated by 
16a to 16c, or sleeve such as indicated by 
5 26, a quitely different arrangement of the 
tuning means is employed in the 
embodiment which will now be described 
with reference to Fig. 31. 

A microwave filter shown in Fig. 31 

10 comprises a shielded metallic casing 70 
including a hollow body 71 of any desired 
sectional shape and a pair of opposed lids 
72a and 72b closing the respective openings 
at the opposed ends of the hollow body 71. 

15 A pair of terminal members which project 
into the interior of the casing 70 for 
coupling energy to and from such interior, 
is, for the sake of clarity, omitted from the 
drawing. Positioned intermediately of the 

20 length of the hollow body 70 within the 
hollow body 70 is a carrier 73, made of 
electrically insulating material, which 
carries a dielectric resonator 74 in position 
within the hollow body 71. The dielectric 

25 resonator 74 has an aperture 74a in the : 
form of a through-hole extending in a 
lengthwise direction of the hoDow body 71. 

The carrier 73 may be made of a single 
piece of electrically insulating material 

30 having an outer contour similar to the cross 
sectional shape of the hollow body 71 or 
separate pieces of electrically insulating 
material. If the carrier 73 is made of 
separate pieces, they are secured to the 

35 inner surface of the hollow body 71 in 
spaced relation to each other. 

Within the filter casing 70, a pair of 
frequency adjusting plate members 75a and 
75b are provided on respective sides of the 

40 dielectric resonator 74. These plate 
members 75a and 75b arc respectively 
formed with threaded holes 76a and 76b 
both in alignment with the aperture 74a in 
the dielectric resonator 74 carried in 

45 position within the hollow body 71. 

Extending through the holes 76a and 76b 
hi the plate members 75a and 75b and the 
aperture 74a in the dielectric resonator 74 is 
a tuning rod 77 having one end iouroailed 

50 to the m 72a and the other end rotatably 
extending through the other lid 72b and 
formed into a tuning knob as indicated by 
77a. This tuning rod is threaded at portions 
between the lid 72a and the resonator 74 

55 and between the resonator 74 and the lid 
72b, respectively, as indicated by 78a and 
78b. Respective threads on theportions 78a 
and 78b of the tuning rod 77 extend in 
opposite relation to each other around the 

60 tuning rod 77 so that the adjustment of the 
tuning rod 77 in either direction about the 
longitudinal axis thereof results in the plate 
members 75a and 75b simultaneously 
moving in a direction dose to and away 



from each other with the resonator 74 65 
stationary positioned therebetween. 

In order to avoid any possible fluttering • 
of any of the plate members 75a and 75b 
which may otherwise occur during 
simultaneous movement of said members 70 
75a and 75b, one or more guide tods, only 
one of which is shown by 79 in Fig. 31, may 
be employed. In the instance as shown, the 
guide rod 79 has both end secured to the 
lids 72a and 72b, a substantially 75 
intermediate portion thereof slidably 
extending through the plate member 75a, 
then the carrier 73 and finally the plate 
member 75b. 

The microwave filter of the construction gg 
shown in Fig. 31 exhibits a performance 
curve indicated by X in the graph of Fig. 32. 
Also shown in this graph of Fig. 32 is a 
performance curve Y exhibited by a 
microwave filter of a construction similar to 95 
that shown in Figs. 1 and 2, but having one 
dielectric resonator without aperture 
formed therein and also having a frequency 
tuning means in the form of a screw, which 
microwave filter exhibiting the 90 
performance curve Y is now commercially 
available. 

In the graph of Fig. 26, the terms 
"interval" represented by the axis of 
abscissas is intended to mean the distance* 95 
between the plate members 75a and 75b in 
the case of the present invention and the 
distance between the end of the tuning 
screw adjacent the resonator and the latter 
in the case of the conventional microwave 100 
filter. From the comparison of these 
performance curves X and Y, it will readily 
be seen that, with the microwave filter of 
the construction shown in Fig. 31, a 
relatively wide range of center frequencies 105 
can be adjustable with minimum reduction 
of the Q value. 

Although the present invention has been 
fully described by way of example in 
connection with the various embodiments 110 
thereof, it should be noted that various 
changes and modifications are apparent to 
; those skilled in the art By way of example, 
• the resonator according to the present 
invention can be used not only in the 115 
I microwave bandpass filter referred to 
above, but also in any other microwave 
filters such as microstrip filters and 
waveguide filters. In addition, even in the 
embodiment shown in any of Figs. 27 to 30 120 
and 31, the dielectric resonator may have 
one or more additional apertures other than 
the aperture such as indicated by 66a in 
Figs. 27 to 29 and 74a in Fig. 31. 

Therefore, these changes and 125 
modifications are to be understood as 
included within the scope of the present 
invention unless they depart therefrom. 
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WHAT WE CLAIM IS:— 

1. A microwave filter comprising an 
electrically shielded casing, a pair of 
terminal members extending from the 

5 outside of said casing into the interior of 
said casing for coupling energy to and from 
said interior, portions of said terminal 
members within said interior of said casing 
being spaced from each other, and at least 

10 one dielectric resonator comprising a block 
of dielectric material having at least one 
aperture formed therein, said dielectric 
resonator being disposed within and 
electrically insulated from said casing and 

15 being positioned between, and spaced from 
said portions of said terminal members. 

2. A microwave filter as claimed in Claim 
1, further comprising means for tuning the 
filter characteristic of the dielectric 

20 resonator. 

3. A microwave filter as claimed in Claim 
1, including a plurality of the dielectric 
resonators disposed within the casing and in 
spaced relation to each other. 

25 4. A microwave filter as claimed in Claim 
3, further comprising means for tuning the 
filter characteristic of each of the dielectric 
resonators. 

5. A microwave filter according to any 
30 preceding claim wherein the dielectric 

resonator, or at least one of the dielectric 
resonators comprises a cylindrical block 
having an aperture extending in alignment 
with the longitudinal axis of the cylindrical 
35 block. 

6. A microwave filter according to any of 
Claims 1 to 4 wherein the dielectric 
resonator, or at least one of the dielectric 
resonators comprises a cylindrical block 

40 having an aperture extending in eccentric 
relation to the longitudinal axis of the 
cylindrical block. 

7. A microwave filter according to any of 
Claims 1 to 4 wherein the dielectric 

45 resonator, or at least one of the dielectric 
resonators comprises a cubic block having 
an aperture extending in alignment with an 
axis passing through the geometrical centre 
of the cubic block. 

50 8. A microwave filter according to any of 
Claims 1 to 4 wherein the dielectric 
resonator, or at least one of the dielectric 



resonators comprises a cubic block having 
an aperture extending in eccentric relation 
to an axis passing through the geometrical 55 
centre of the cubic block. 

9. A microwave filter according to any 
preceding claim wherein the or each 
dielectric resonator is fixedly mounted to a 
wall of the casing with an insulating spacer 60 
member between said resonator and the 
wall 

10. A microwave filter according to 
Claim 9 wherein the or each dielectric 
resonator is mounted by means of a bolt 65 
passing through the, or an aperture of said 
resonator and through the spacer member, 
and secured to said wall 

• 11. A microwave filter according to any 
of Claims 1 to 8 wherein the or each 70 
dielectric resonator is fixed between a pair 
of parallel opposed walls of the casing, with 
each of a pair of insulating spacer members 
disposed between said resonator and a 
respective one of said opposed walls. 75 

12. A microwave filter according to 
daim 11 wherein the or each dielectric 
resonator is fixed by means of a bolt passing 
through the or an aperture of said resonator 
and through the spacer members and 80 
secured at opposite ends thereof to said 
opposed walls. 

13. A microwave filter according to 
Claim 2 or Claim 4 or to any of Claims 5 to 

12 when dependent on Claim 2 or Claim 4, 85 
wherein said means for tuning comprise, in 
respect of the or each dielectric resonator a 
screw threaded element which projects into 
the interior of said casing to terminate 
adjacent the respective dielectric 90 
resonator, and which is mounted to said 
casing to be adjustable from the outside of 
said casing. 

14. A microwave filter, substantially as 
hereinbefore described, with reference to 95 
and as illustrated in any of Figures 1 to 6. 9 

to 22, 24 and 27 to 3i: Ifiura,1W0 ^ 
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